0.75, 95% CI: 0.48, 1.16). Mortality did not change over time. The combined outcome death or NDI at 24 months' CA was significantly lower in epoch 2 compared to epoch 1 (24.7 vs. 33.9%, adjusted OR = 0.71, 95% CI: 0.53, 0.97). Conclusions: Restricted use of IMV is feasible in preterm infants and might be associated with a reduced risk of the combined outcome death or NDI at 24 months' CA. Larger studies are needed to confirm these findings.
nally, protracted IMV itself is also associated with in an increased risk of NDI [5] .
In an attempt to reduce these adverse effects of IMV, preterm infants are increasingly managed on noninvasive respiratory support often started in the DR [1] . Studies have shown that restricting the use of IMV is feasible in clinical practice and is associated with a reduction in the incidence of BPD [6, 7] . Interestingly, none of these studies reported the impact of restricted use of IMV on NDI [5] .
After an implementation period, our neonatal intensive care unit (NICU) officially adapted a respiratory support protocol in January 2010 that restricted the use of IMV, both in the DR and the NICU. The aim of this study is to investigate the feasibility of this protocol and to assess its effect on pulmonary outcomes and, more importantly NDI.
Methods

Study Design
This retrospective cohort study included all preterm patients with a gestational age (GA) <30 weeks admitted to the NICU of the Academic Medical Center (AMC) between January 2004 and December 2005 (epoch 1) and January 2010 and December 2011 (epoch 2). Infants were excluded if they were initially treated in one of the other Dutch NICUs or if they had a congenital anomaly. At the start of the second epoch, the threshold of viability in the Netherlands was lowered from 25 to 24 weeks. The study was approved by the institutional review board.
Respiratory Management
In epoch 1, initial respiratory management in the DR consisted of nasal continuous positive airway pressure (nCPAP) (5-8 cm H 2 O) using a T-piece resuscitator with a fraction of inspired oxygen (FiO 2 ) of 1.0. Apnea or insufficient breathing was treated by applying peak inflation pressures of 20-30 cm H 2 O. The FiO 2 was titrated based on postductal oxygen saturation (target: 86-94%) measured with pulse oximetry (SpO 2 ). Infants were intubated and ventilated in the DR when needing a FiO 2 >0.40 with signs of ongoing distress. If this was not the case, patients were transferred to the NICU on nCPAP and remained on this mode unless one or more of the following failure criteria occurred: FiO 2 increased to >0.40 with signs of respiratory distress; more than one apnea per hour requiring vigorous stimulation or bag-and-mask ventilation; hypercarbia resulting in pH <7.2. In case of apnea, infants were started on caffeine. All infants needing IMV in the NICU were started primarily on high-frequency ventilation as previously described [8] . Surfactant was administered via the endotracheal tube if the respiratory index >2.5. The aim was to extubate the patients from high-frequency ventilation to nCPAP within the first 72 h after birth. Noninvasive ventilation was not yet implemented in daily clinical practice. The use of doxapram to treat apnea of prematurity was restricted to infants older than 4 weeks and on full enteral feeds.
In epoch 2, three fundamental changes were adopted in the DR respiratory management. First, FiO 2 was titrated strictly based on the preductal oxygen saturation (target: 86-94%). Second, the initial FiO 2 administered at the time of birth was reduced to 0.40 and thereafter titrated according to published SpO 2 preterm reference ranges [9] . Third, infants were only intubated if they needed to be resuscitated, defined as persistent bradycardia needing chest compression. Oxygen need >0.40 to target SpO 2 and/or severe respiratory distress were no longer reasons to start IMV in the DR. After being transferred to the NICU, patients meeting the aforementioned nCPAP failing criteria were intubated, started on open-lung high-frequency ventilation, and -if indicated -treated with exogenous surfactant. However, weaning and extubation was more aggressive compared to epoch 1, aiming to transfer patients back to nCPAP within the first 12 h of life. After the first 72 h of life, the aim was to keep the infants on noninvasive support by using caffeine, noninvasive ventilation, and permissive hypercapnia. In addition, doxapram could be used in all infants failing these noninvasive treatment options.
Data Collection
A predefined set of demographics, patient characteristics, and outcomes was collected (see Appendix). Using the international criteria, patients were diagnosed as having no, mild, moderate, or severe BPD by combining data collected at AMC as well as the regional level II hospital the baby was transferred to [3, 10] .
Follow-up at 24 months' corrected age (CA) consisted of neurological examination and assessment of the Mental Development Index (MDI) and Psychomotor Development Index (PDI) of the Bayley Scales of Infant and Toddler Development (BSID). In epoch 1, the second and in epoch 2 the third edition of the BSID was used [11] . To allow for epoch comparison, we added 5 points to the MDI of the BSID-II, as was previously done [12] . Since the BSID-III Motor Composite is on average 10 points (range: 6-14) higher than the BSID-II PDI of the BSID-II, we added 10 points to the PDI of the BSID-II [13] . An abnormal cognitive and motor development was defined as a (corrected) MDI and/or PDI of less than -1 SD below the mean. Cerebral palsy was diagnosed according to international standards [14] , and all levels were included. NDI was defined as one or more of the following outcomes: MDI or PDI score less than -1 SD, cerebral palsy, hearing loss despite amplification, and visual impairment leading to blindness or only light perception in at least one eye.
Data Analysis
Data were expressed as means with SD or medians with interquartile range, depending on their distribution. Because of the different thresholds of viability between the two epochs, data are presented with and without infants born at a GA <25 weeks. Univariate analyses comparing the two epochs were done using χ 2 tests for dichotomous data and independent samples t tests for continuous data. Multiple logistic regression analysis was used to investigate the effect of respiratory management during the two epochs on mortality, BPD, and long-term neurodevelopmental outcome. To maximize comparability of both epochs, we only included infants born ≥ 25 weeks' gestation in this analysis. Furthermore, we identified all possible confounders based on a known association with one or more of the main outcomes mortality, BPD, and NDI (GA, small for gestational age defined as weight <10th percentile according to the Dutch reference curves, chorioamnionitis, single-ton, and outborn), or differences between both epochs in the univariate analysis with p < 0.2 (Apgar score) [15] [16] [17] . Next, we performed a multiple logistic regression analysis correcting for these confounders present at birth. In a second analysis, we also added the intermediate NEC occurring during hospitalization for the outcome BPD, and NEC and IVH for the long-term neurodevelopmental outcomes [18, 19] . Differences in respiratory variables and outcomes that might have an impact on mortality, BPD, or NDI were not entered as intermediates in the multiple regression analysis because these were considered part of the noninvasive respiratory support policy. To assess selection bias due to lost to follow-up at 24 months' CA, we compared patient characteristics and respiratory outcomes between infants assessed and those lost to follow-up. Complete case analysis was performed. Differences were considered statistically significant when the 2-tailed p value was <0.05.
Results
Patient Characteristics
During the two study periods, 431 eligible infants were admitted. Twenty-seven were excluded, mostly because they were born in another NICU and transferred to the AMC at a later age ( Fig. 1 ). Of the remaining 404 patients, 193 were born in epoch 1, and 211 in epoch 2. Infants in epoch 2 had a significantly lower GA, were more often singletons, and had a slightly lower 5-min Apgar score compared to infants born in epoch 1 ( Table 1 ) . Surfactant was administered less while caffeine, doxapram, and noninvasive ventilation were used more in epoch 2 compared to epoch 1. 
Nonrespiratory Outcomes
The majority of nonrespiratory outcomes were comparable between both epochs, with the exception of NEC ≥ grade II, which was significantly higher in epoch 2 compared to epoch 1 ( Table 2 ) . Mortality tended to be higher in the second compared to the first epoch, but this difference was no longer observed after excluding the infants born in the 24th week of gestation and adjusting for other possible confounders as described above ( Table 3 ) .
Respiratory Outcomes
The proportion of inborn infants intubated in the DR dropped significantly, and fewer infants needed IMV at the different time points during the NICU admission ( Table 2 ). The age at first intubation was significantly lower and the duration of IMV significantly longer in epoch 1. The percentage of infants with a GA between 25 and 30 weeks who were never intubated was higher in epoch 2 (46 vs. 35%).
The number of infants with no or severe BPD was relatively stable in both epochs. However, the proportion of infants with a GA between 25 and 30 weeks diagnosed with moderate BPD was significantly higher in the first epoch (15%) compared to the second epoch (9%) ( Table 2 ). This resulted in a lower incidence of the combined outcomes moderate/severe BPD in epoch 2 (17%) compared with epoch 1 (23%), although this reduction was not statistical significant after correcting for all possible confounders. The combined outcome death or moderate/severe BPD was not significantly different ( Table 3 ) .
Long-Term Neurodevelopmental Outcomes
The proportion of surviving infants assessed at 24 months' CA was 91 and 81% in epochs 1 and 2, respectively. Infants lost to follow-up did not differ in terms of patient characteristics and respiratory outcomes compared to those assessed (data not shown). The percentage of infants with a MDI or PDI less than -1 SD almost halved in epoch 2 compared to epoch 1, which was statistically significant after correcting for possible confounders present at birth. Following additional correction for the intermediates NEC and IVH, these differences remained statistical significant ( Table 4 ) .
The rate of cerebral palsy and visual or hearing impairment was low in both epochs and did not differ significantly. Both outcomes NDI and the composite outcome death or NDI were significantly lower in epoch 2 versus epoch 1 after correcting for all possible confounders and intermediates (adjusted OR = 0.55, 95% CI: 0.33, 0.93; and adjusted OR = 0.71, 95% CI: 0.53, 0.97) ( Table 4 ). Values are presented as n (%) unless otherwise indicated. Only infants born at ≥25 weeks' gestational age were analyzed. BPD, bronchopulmonary dysplasia. a Corrected for gestational age, small for gestational age, chorioamnionitis, singleton, and outborn.
b Corrected for confounders in first adjusted analyses including necrotizing enterocolitis.
Discussion
This study shows, for the first time, that a policy of restricted use of IMV might be associated with improved neurodevelopmental outcome in preterm infants.
Previous studies have already shown that change in respiratory management started in the DR can impact respiratory outcome [20] . Oxygen need was no longer considered a symptom of respiratory distress syndrome, but of (transient) normal pulmonary transition. Since intubation and IMV were restricted to those needing resuscitation, the intubation rate in the DR dropped from 33% in epoch 1 to <10% in epoch 2, which is considerably lower than what has been reported in several large databases (48-65%) [1, 10] . Although a considerable number of infants needed IMV during admission, the proportion was consistently lower in epoch 2 compared to epoch 1 at the time points 72 h, day 7, and day 14 of life. Furthermore, fewer infants needed IMV during the entire admission in epoch 2 (54%) versus epoch 1 (65%), indicating that our respiratory policy not only postponed but also prevented IMV. The proportion of infants needing IMV in epoch 2 of this study was lower than has recently been reported [11, 21] .
The duration of IMV almost halved in epoch 2 compared to epoch 1, indicating a successful policy of more aggressive weaning and extubation. As expected, infants in epoch 2 were more often treated with interventions reducing the need for IMV, such as caffeine, nasal MV, and doxapram [22] [23] [24] .
The inclusion of infants born in the 24th week of gestation did not seem to change the majority of the abovementioned outcomes, suggesting that even these immature infants tolerate a noninvasive respiratory policy. However, this needs to be confirmed by future studies because of the limited number of infants born in the 24th week of gestation in this study.
The change in respiratory policy was also associated with a (modest) reduction in the incidence of BPD, mainly caused by a shift from moderate to mild BPD in epoch 2. After adjusting for possible confounders, the difference in BPD no longer reached statistical significance. The fact that the reduction in BPD between both epochs was modest (6%) could, in part, be explained by the fact that the BPD rate in 2004-2005 was already at the low end of the reported spectrum [11, 21] .
The most important finding of this study is a reduction in the combined outcome death or NDI at 24 months' CA in epoch 2 (24.7%) compared to epoch 1 (33.9%). This improvement was mainly caused by an almost 50% reduction in both MDI and PDI in epoch 2, although only the latter maintained statistical significance after correction for possible confounders and intermediates. The reduction in IMV and BPD as well as the increased use of caffeine in epoch 2 are all possible explanations for this improvement in neurodevelopmental outcome [4, 5, 25] .
Of concern was the significant increase in NEC in epoch 2. Although this finding is not supported by other studies [26] and it does not seem to impact long-term outcome, future studies on noninvasive support policies need to monitor this adverse outcome closely.
The limitations associated with a retrospective study design may have affected the validity of our findings. First, in the time between both epochs, other nonrespiratory changes in care may have affected the main out- comes. A clear example was the difference between both epochs in active treatment of infants born at 24 weeks' gestation. For this reason, we analyzed the outcome data after excluding these infants. To account for other differences in case of a mix between the two epochs, we corrected the multiple logistic regression analyses for possible confounders and intermediates associated with one or more of the main outcomes. Only the analysis taking into account all possible confounders or intermediates were used for final data interpretation. However, despite this conservative approach, we cannot exclude some residual confounding by other small changes in care over time. Second, we were not able to determine the rate of physiological BPD as the oxygen reduction test was not used in both epochs. This may have resulted in an overestimating of the true incidence of BPD and hampers comparison of our BPD rate with more recent studies [22] . Finally, the change in BSID version over time forced us to convert the test results of the BSID-II to allow for epoch comparison. Although studies assessing the impact of such a conversion are reassuring, we cannot rule out that version-related differences may have affected our findings [12] . To strengthen the validity of our finding, we used a conservative PDI conversion of 10 points.
In conclusion, this study shows that a policy of restricted use of IMV in both the DR and the NICU is feasible in preterm infants and might be associated with a lower risk of the combined outcome death or NDI at 24 months' CA. Further studies in larger series are required to confirm these findings.
